The dried or fresh stems of several Dendrobium species (Orchidaceae) are widely used as a very famous traditional Chinese and folk medicine to nourish the stomach and promote the production of body fluid.
13
C-NMR and distortionless enhancement by polarization transfer (DEPT) spectra of 1, 15 carbon signals belonging to three methyls, four methylenes (one oxygenated), four methines (one oxygenated), three quaternary carbons (one oxygenated) and one ketonic carbonyl carbon were observed. Analysis of the 1 H-1 H COSY and 1 H-detected heteronuclear single-quantum correlation (HSQC) spectra of 1 led to the deduction of the fragments C-2-C-3-C-4-C-5 and C-6-C-7-C-8.
C-1 H long-range correlation signals were observed for H-13,14/C-4, C-12; H-10/C-1, C-2, C-6, C-9; H-3/C-1; H-4/C-6, C-15; H-11/C-1, C-9, C-15; H-8/C-15 in the HMBC spectrum of 1, which suggested the existence of a copacamphane sesquiterpene skeleton.
5) The relative configuration of 1 was determined on the basis of its NOESY spectrum, in which NOE correlations were observed between H-10 and H-2, H-6, H7a, H-11; H-6 and H-5, H-13(14); H-7a and H-8a; H-4 and H-3b (Fig. 1) . Therefore, the structure of compound 1 was established as 2b,11,12-trihydroxycopacamphan-15-one, a new sesquiterpene designated as dendronobilin K. H COSY and HSQC spectra of 2 enabled establishment of the fragments C-2-C-3 and C-5-C-6-C-7-C-8-C-9-C-11. In the 1 H-detected heteronuclear multiple-bond correlation (HMBC) spectrum of 2, 13 C-1 H long-range correlation signals were observed for H-13,14/C-4, C-12; H-10/C-1, C-2, C-6, C-9; H-3/C-4, C-5, C-15 and H-6/C-15. Thus, compound 2 was deduced to be a sesquiterpene possessing a picrotoxane-type skeleton.
6,7) NOE correlations were found between H-2 and H-3, H-10, H-13(14); H-6 and H-5, H-7a, H-10; H-7b and H-8b; H-11 and H-10 in the NOESY spectrum of 2, which established the relative configuration of 2 (Fig. 2) . Based on the above evidence, compound 2 was established as (2b ,3b ,4b ,5b )-2,4,11,12-tetrahydroxypicrotoxan-3(15)-olactone, which is also a new sesquiterpene termed dendronobilin L.
Compound 3 ) and NMR analysis. Fifteen carbon signals due to two methyls, four methylenes (two oxygenated), six methines (two oxygenated), two quaternary carbons (one oxygenated) and one lactonic carbonyl carbon were observed in the 13 C-NMR and DEPT spectra of 3. The 13 C-NMR data of 3 were similar to those of 2 except for the loss of a methyl as well as a hydroxyl-substituted quaternary carbon and the appearance of a methine and a hydroxymethyl group. Elucidation of 1 H-1 H COSY, HSQC and HMBC spectra of 3 also deduced a picrotoxane-type sesquiterpene skeleton similar to that of 2. The difference between these two compounds lays in the substitution of a hydroxyl group at C-13 in 3 instead of at C-4 in 2.
In the NOESY spectrum of 3, NOE correlations were found between H-2 and H-3, H-10, H-14; H-5 and H-6, H-13; H-10 and H-6, H-11; H-6 and H-7a; H-7b and H-8b, which determined the relative configuration of all chiral carbons in the molecule except for C-12 (Fig. 3) . However, we could not determine the configuration at C-12, for it lies outside of a ring with a freely rotating C-4-C-12 single bond and the NMR data are insufficient to establish its configuration. Thus, compound 3 was established as (2b,3b,5b)-2,11,12,13-tetrahydroxypicrotoxan-3 (15) H COSY and HSQC spectra of 4 enabled the deduction of the fragments C-2-C-4-C-5-C-6-C-1, C-8-C-9-C-10 and C-12-C-11-C-13.
C-1 H long-range correlation signals were found at H-13/C-10, C-11, C-12; H-14/C-3, C-7, C-8; H-15/C-2, C-3; H-6/C-2; H-5/C-3; H-1/C-2, C-3, C-9 in the HMBC spectrum of 4, which exhibited a cyclocopacamphane type sesquiterpene skeleton. 4, 8) In order to elucidate the relative configuration of 4, the NMR spectra were also measured in DMSO-d 6 . Interpretation of 1 H-1 H COSY, HSQC and HMBC spectra of 4 resulted in the assignments of all proton and carbon signals. NOE correlations were observed between H-1 and H-5, H-6, H-13; H-8 and H-6, H-14; H-4 and H-2, H-15, OH-5 in the NOESY spectrum (Fig. 4) . Then the relative configuration of all chiral carbons in the molecule except for C-11 was determined. Based on the above evidence, compound 4 was established as (5b,8b)-cyclocopacamphane-5,8,12,15-tetrol. It is a new sesquiterpene, and was assigned the name dendronobilin N.
Compounds 3 and 4 were measured for their immunomodulatory and antioxidant activities in vitro, but the results were both inactive.
Experimental
General Procedures Optical rotations were measured using a Jasco P- Extraction and Isolation The powdered air-dried stems of D. nobile (5 kg) were refluxed with 60% EtOH three times. After evaporation of solvent in vacuo, the residue (210 g) was suspended in H 2 O, and partitioned with EtOAc and n-BuOH successively. The n-BuOH extract (45 g) was first subjected to column chromatography on silica gel eluting with CHCl 3 /MeOH (100 : 0→0 : 100) to afford 9 fractions. Fraction 4 (4.8 g) was passed over a Sephadex LH-20 column (CHCl 3 -MeOH, 1 : 1) and then chromatographed on silica gel MPLC by gradient elution with cyclohexane/acetone (9 : 1→0 : 1) to give 6 subfractions. Subfraction 3 (755 mg) was applied to an ODS column eluting with MeOH/H 2 O (3 : 7→7 : 3). The fraction eluted with 40% MeOH was further purified by preparative HPLC (30% MeOH) to yield compound 1 (4.5 mg). Fraction 5 (3.9 g) was passed over Sephadex LH-20 with CHCl 3 /MeOH (1 : 1) as eluent and then chromatographed on ODS eluting with MeOH/H 2 O (3 : 7→6 : 4) to give 7 subfractions. Compounds 2 and 3 (3.0, 11.6 mg) were finally obtained from the eluent of 30% MeOH by purification with preparative HPLC (20% MeOH). Fraction 6 (6.8 g) was applied to an ODS column and eluted with MeOH/H 2 O (2 : 7→7 : 3). The fraction obtained with 20% MeOH was purified by preparative HPLC (15% MeOH) to yield compound 4 (11.9 mg).
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